Detection of Viruses in Young Children With Fever Without an Apparent Source
WHAT'S KNOWN ON THIS SUBJECT: Fever without an apparent source is common in children. Currently in the United States, serious bacterial infection is uncommonly the cause. Most cases are assumed to be viral, but the specific viral causes have not been delineated. Antibiotics are frequently prescribed.
WHAT THIS STUDY ADDS: By using polymerase chain reaction, we detected pathogenic viruses frequently in children with fever without an apparent source. Adenovirus, human herpesvirus-6, enterovirus, and parechovirus were predominant. Testing of blood had high yield. Better recognition of viral etiologies may help reduce unnecessary antibiotic use. abstract OBJECTIVE: Fever without an apparent source is common in young children. Currently in the United States, serious bacterial infection is unusual. Our objective was to determine specific viruses that might be responsible.
METHODS:
We enrolled children aged 2 to 36 months with temperature of 38°C or greater without an apparent source or with definite or probable bacterial infection being evaluated in the St Louis Children' s Hospital Emergency Department and afebrile children having ambulatory surgery. Blood and nasopharyngeal swab samples were tested with an extensive battery of virus-specific polymerase chain reaction assays.
RESULTS:
One or more viruses were detected in 76% of 75 children with fever without an apparent source, 40% of 15 children with fever and a definite or probable bacterial infection, and 35% of 116 afebrile children (P , .001). Four viruses (adenovirus, human herpesvirus 6, enterovirus, and parechovirus) were predominant, being detected in 57% of children with fever without a source, 13% of children with fever and definite or probable bacterial infection, and 7% of afebrile children (P , .001). Thirty-four percent of 146 viral infections were detected only by polymerase chain reaction performed on blood. Fiftyone percent of children with viral infections and no evidence of bacterial infection were treated with antibiotics.
CONCLUSIONS: Viral infections are frequent in children with fever without an apparent source. Testing of blood in addition to nasopharyngeal secretions expanded the range of viruses detected. Future studies should explore the utility of testing for the implicated viruses. Better recognition of viruses that cause undifferentiated fever in young children may help limit unnecessary antibiotic use. All of the authors except for Dr Lee participated in the design of the study; patient data were gathered by Drs Colvin, Muenzer, Jaffe, and Mr Smason; laboratory data were produced by Drs Colvin, Arens, Buller, Lee, and Storch; and all of the authors participated in the analysis of the data. The analysis of the data was led by Dr Storch and reviewed by Ms Deych and Dr Shannon, who also carried out all statistical analyses; and all of the authors take responsibility for the integrity of the data and the analysis. The manuscript was written by Dr Storch and all of the authors participated in the decision to publish the paper. Procedures for protecting the confidentiality of subjects were agreed to by the institutional review boards of Washington University and the National Institutes of Health. The study database was maintained by Dr Storch. It was used by the study statisticians, Ms Deych and Dr Shannon. All authors meet the criteria for authorship listed in the Pediatrics Author Guidelines and all authors have reviewed and approved the final manuscript.
Fever without an apparent source is a common problem in children that may require medical evaluation. 1 Since implementation of immunization programs in the United States directed against Haemophilus influenzae type b and Streptococcus pneumoniae, systemic bacterial infection has become an uncommon cause, while localized bacterial infections, mostly urinary tract infections, account for ∼5% to 10% of cases. [2] [3] [4] [5] Viral infections are believed to account for most of the remainder, but the specific viruses responsible have not been systematically delineated. The inability to accurately distinguish patients with occult bacteremia from those with viral infection can lead clinicians to prescribe antibiotic therapy for a substantial proportion of these patients. 4 Several viruses including human herpesvirus 6 (HHV-6), 6 enterovirus, and adenovirus can present as an undifferentiated febrile illness. [7] [8] [9] [10] In this study, we used broad panels of polymerase chain reaction (PCR) assays to detect those and other viruses in blood and nasopharyngeal secretions. Blood has not been used extensively as a specimen for detecting viruses in this setting, but we reasoned that fever without an apparent source may represent a systemic infection in which the causative agent might be present in the blood. Our broad aim is to expand knowledge of viral causes of fever to help curb use of broad-spectrum antibiotic therapy for febrile children, many of whom have viral infections.
METHODS

Subjects
Children aged 2 to 36 months were recruited from the emergency department (ED) or the ambulatory surgery department (afebrile children) at St Louis Children' s Hospital during shifts when study personnel were available. The case group consisted of children with temperature of 38°C or greater without an apparent source, who were having blood obtained for a blood count and/or a blood culture for clinical management. Children with clinical syndromes suggestive of viral respiratory infection, such as bronchiolitis, were not included. The decision to obtain blood for these studies was made by ED physicians as part of their standard care and was not a part of this study. No standard written clinical protocol was in place in the ED to govern these decisions. The elevated temperature was documented either in the ED or by a health care provider within 24 hours before the ED evaluation. Children were excluded if they had an underlying condition that predisposed them to infection, including cancer, immune deficiency, immunosuppressive therapy, cystic fibrosis, sickle-cell disease, or presence of an indwelling venous catheter. Children with a positive rapid test for influenza were also not included.
Two comparison groups were also included. The first was children aged 2 to 36 months evaluated in the ED who had temperature of 38°C or greater and definite or probable bacterial infection, including bacteremia, urinary tract infection, skin and soft tissue infection, bone or joint infection, and culture-positive bacterial gastroenteritis. The second group consisted of well children aged 2 to 36 months having outpatient surgery who had been afebrile for at least 7 days before surgery.
Children with fever were enrolled from mid-February2007throughmid-February 2010. Afebrile control children were enrolled during a 12-month period starting in mid-February 2009. Children were enrolled by study personnel who obtained health information from each child' s caregiver, including past history and recent symptoms that might indicate the presence of an acute infection.
The study was part of a Demonstration Project of the Human Microbiome Project and was approved by the Washington University Human Research Protection Office. Informed consent was obtained from parents or guardians of all subjects.
Specimens
Blood samples were obtained from a venipuncture performed to obtain blood for tests ordered by the physician caring for the patient. Up to 3 mL of blood for virus-specific PCR assays was collected into an EDTA tube that was stored at 280°C. Nasopharyngeal secretions were obtained by swabbing the posterior nasopharynx. Before 2008, a standard Dacron-tipped swab and viral transport media were used. Starting in 2008, these were replaced by a flocked swab and universal transport media (Copan Flexible Mini-Tipped Flocked Swab; Universal Transport Media, Murrieta, CA). Swab samples were stored at 280°C.
Virus Detection and Typing
Nucleic acid was extracted from 100-mL aliquots of plasma and whole blood by using the MagNa Pure automated processor with the LC Total Nucleic Acid Isolation kit (Roche Applied Science, Indianapolis, IN) and from 200-mL aliquots of nasopharyngeal samples by using a BioRobot M48 automated nucleic acid processor with the MagAttract Virus Mini kit (QIAGEN, Valencia, CA). All extracts were eluted in 100 mL. Blood samples were tested by using a battery of virus-specific PCR assays described in the Supplemental Table 5 . [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] This testing was performed on plasma for all viruses except cytomegalovirus and Epstein-Barr virus, for which testing was performed on whole blood. Because of limited sample volume, not all tests were performed on every sample. Testing of nasopharyngeal samples was performed by using commercial multiplex assays supplemented by laboratory-developed assays. PCR results were not available for patient management. Because the multiplex respiratory panels do not distinguish rhinoviruses from enteroviruses, the identification of virus present in nasopharyngeal samples that were positive for rhinovirus/enterovirus was determined by nucleotide sequencing. 21 Viruses detected in blood samples by the enterovirus reverse transcription-PCR assay were considered to be enteroviruses without additional testing. The serotype of adenoviruses from nasopharyngeal samples was determined by molecular methods at the Centers for Disease Control and Prevention (Atlanta, GA). 22 
Statistical Analyses
We used Fisher' s exact test to compare the frequency of viruses in different groups. For continuous variables, we used ANOVA and the Wilcoxon test to compare groups, depending on variable distribution. We used logistic regression for adjusted analyses.
RESULTS
Subjects
After children with fever were enrolled, their ED records were reviewed by study personnel. Only those children whose evaluation did not find a source for their fever were included in the fever without a source group. Specifically, children who were assigned diagnoses of upper respiratory infection, pneumonia, otitis media, or sinusitis as part of their ED evaluation were not included. This resulted in 75 children with fever without an apparent source, 15 with fever and definite or probable bacterial infection, and 116 afebrile children. Demographic characteristics of the groups are shown in Table 1 , and diagnoses of children with definite or probable bacterial infection are shown in Table 2 . Twenty-two (29%) of the children with fever without an apparent source were admitted to the hospital. Children in the groups with fever were more likely to be African American, reflecting different demographic characteristics of children seen in the ED and those having ambulatory surgery.
PCR Evidence of Viruses
In all, we detected 146 viruses in 206 study subjects, including 50 viruses detected only in blood, 79 detected only in nasopharyngeal secretions, and 17 detected in both samples. Children were classified as "positive" for a virus if the virus was detected in either blood or nasopharyngeal secretions. The numbers of children positive for each virus are shown in Table 3 . Seventy-six percent of the children with fever without a source were positive for one 
Viruses Detected in Blood
Viruses detected in blood are shown in Fig 1. One or more viruses were detected in blood samples from 62% of 71 children with fever without a source who had blood samples available for testing, compared with 33% of 15 children with fever and definite or probable bacterial infection and 9% of 108 afebrile children (P , .001 for differences among the 3 groups). Viruses detected most frequently in the blood of children with fever without a source were adenovirus (22%), HHV-6 (17%), and enterovirus (16%). Each of these viruses was detected significantly more often in the children with fever without a source compared with the other groups (P , .001 for each comparison). In addition to these viruses, parechovirus and bocavirus were also found significantly more often in blood samples from children with fever without a source (P = .018, P = .048).
Other viruses that were found in the blood of children with fever without a source were cytomegalovirus (6%) and parvovirus B19 (3%). Epstein-Barr virus was detected significantly more often (23%) in children with a serious bacterial infection compared with the other groups (P = .008).
Viruses Detected in Nasopharyngeal Secretions
Viruses detected in nasopharyngeal secretions are shown in Fig 2. One or more viruses was detected in nasopharyngeal secretions of 49% of 73 children with fever without a source compared with 36% of 11 children with fever and definite or probable bacterial infection and 31% of 110 afebrile children (P = .039). The only individual virus found significantly more often in nasopharyngeal secretions of children with fever without a source was adenovirus, which was detected in 22% of 73 of those children who had samples available for analysis, compared with 18% of children with fever and definite or probable bacterial infection and 4% of afebrile children (P , .001). Of 16 adenoviruses that could be typed, 9 were type 1, 6 were type 2, and 1 was type 3. There was a trend toward greater detection of bocavirus in children with fever without a source, but e The numbers in parentheses are the percent positive for 1 of the 4 viruses listed, calculated by using as the denominator the number of children in the study group. If the percentages are calculated by using as the denominator the number of children who were positive for 1 or more of the 4 viruses plus the number of children who were tested and were negative for each of the 4 viruses, the percentages of children positive for 1 of the 4 viruses are: children with fever without a source, 69%; children with fever and definite or probable bacterial infection, 18%; and afebrile children, 8%. The difference between these groups is statistically significant (P , .001).
differences compared with the other patient groups were not significant. The virus detected most frequently in nasopharyngeal secretions was rhinovirus, which was detected in 16% of 107 afebrile children, 20% of 10 children with fever and definite or probable bacterial infection, and 10% of 68 children with fever without a source. These differences were not statistically significant (P = .427).
Possible Interactions Between Demographic Characteristics and Viruses Detected
Because of the higher proportion of afebrile children who were white compared with febrile children, we performed race-stratified analysis and examined whether there was an interaction between viruses detected and race that could affect the comparison of viruses detected in the different study groups. The same trends that were detected in the entire study population were present in both whites and African Americans, indicating the absence of a racial effect. In addition, after adjusting for group, neither race (nor race-by-group interaction), gender, nor age was a significant predictor of virus presence in a logistic regression model. Because afebrile controls were enrolled only during the 12-month period from mid-February 2009 to midFebruary 2010, we also confirmed that there were no differences in viruses detected in children with fever without a source enrolled during this period (60% of the total) compared with those enrolled before this period (40% of the total).
Demographic and Clinical Characteristics of Children With Specific Viruses
Using separate multivariate logistic models, we compared demographic and clinical characteristics of children with no virus detected to those in children in whom we detected only adenovirus, HHV-6, or enterovirus, as well as those with any other virus detected. The only statistically significant difference was that white blood cell counts were higher in children with adenovirus (P = .003). Of the 11 children with only adenovirus detected who had a complete blood count performed, all but one had a white blood cell count greater than 15 000 cells/mm 3 . In contrast, only 1 of 8 children with only HHV-6 detected had a white blood cell count greater than 15 000 per mm 3 .
Antibiotic Utilization
Of the 75 children with fever without a source, 34 (45%) received antibiotics including 24 (55%) of those 2 to 12 months of age, 9 (39%) of those 13 to 24 months of age, and 1 (13%) of those older than 24 months (P = .08).
FIGURE 1
Viruses detected in blood. Subjects are represented by rows and viruses by columns. Detection of a virus is indicated by a horizontal line. A, Children with fever without a source. B, Children with fever and definite or probable bacterial infection. C, Afebrile children.
FIGURE 2
Viruses detected in nasopharyngeal secretions. Subjects are represented by rows and viruses by columns. Detection of a virus is indicated by a horizontal line. A, Children with fever without a source. B, Children with fever and definite or probable bacterial infection. C, Afebrile children.
Antibiotic utilization according to virus detected is shown in Table 4 . Fifty-one percent of children with one or more viruses detected and 63% of children with adenovirus, HHV-6, enterovirus, or parechovirus received antibiotics, including 10 (91%) of 11 children with adenovirus alone.
DISCUSSION
Fever without an apparent source in children under 3 years of age is common and often prompts medical evaluation. 1 Currently in the United States, systemic bacterial infection accounts for ,1% of cases. [2] [3] [4] 23 In contrast, we detected viruses in 76% of children with fever without an apparent source and identified adenovirus, HHV-6, enterovirus, and parechovirus as the predominant viruses detected in this patient group. Notably, we also detected viruses in a substantial minority of children with fever and bacterial infection and in afebrile children, but the viruses were different and often of lower pathogenicity than the viruses detected in children with fever without an apparent source. While it is not clear that the viruses detected were always clinically significant, viruses that are well recognized as pathogens were detected much more frequently in children with fever without a source compared with afebrile children. The presence of viral nucleic acid in blood samples also provides additional support for the likely clinical significance of the viruses detected. Testing of blood was important for maximizing the detection of viral agents, as was the use of molecular methods, since viruses such as HHV-6 and bocavirus are not well detected by conventional culture-based diagnostic testing. 24, 25 Consistent with this idea, detection of the known pathogenic viruses was infrequent in blood samples from the afebrile study participants.
The finding of adenovirus as the most common virus in children with fever without a source was unanticipated. 26 Some adenovirus serotypes may maintain latency in tonsillar tissue, 27 and we did detect adenovirus in some children who were afebrile and in some with definite or probable bacterial infection. However, the rate of detection was much higher in children with fever without a source, suggesting a causal association. Almost all of the febrile children with adenovirus had elevated leukocyte counts, possibly accounting for the finding that more than 90% of subjects with adenovirus and no other virus detected were treated with antibiotics. HHV-6, enteroviruses, and parechoviruses have each been detected previously in children with fever without a source. 7, 28 We tested for HHV-6 in plasma rather than whole blood, to avoid detecting latent virus in circulating mononuclear cells where it can be latent. 29 As in other recent studies, 28, 30 we detected most parechoviruses in children younger than 6 months.
This study has several limitations. First, the group of children with fever without a source was limited to children in whom blood was obtained for diagnostic studies. In the era of effective vaccines against invasive bacterial infections, the proportion of febrile children having blood drawn as part of evaluations for fever is decreasing. Indeed, in a study carried out in our ED that overlapped temporally with the first year of the study reported here, only 22% of children with temperatures of 39°C or greater had blood cultures obtained. 31 Thus, it is likely that children with mild illness or illness very suggestive of viral infection were not included, and these populations may have been infected with different microbial agents. Second, because of funding limitations, staffing was not available in the ED to enroll potential subjects at all times, and thus the study does not include all patients meeting the eligibility criteria. We do not have data regarding possible differences between those enrolled and those not enrolled, and we cannot exclude unknown biases in subject enrollment. This may limit the generalizability of our results, and it will be important for this study to be replicated in other locations at other times. Third, detection of a virus in a febrile child, especially using highly sensitive molecular methods, does not prove that the virus is responsible for the child's illness. Indeed, we detected one or more viruses in 35% of well afebrile children, including some of the same viruses that were detected in febrile children. However, many of these were viruses of low pathogenicity such as rhinoviruses and the KI and WU polyomaviruses. Finally, our analysis was limited to blood and nasopharyngeal samples. Testing of other specimens, especially stool might have revealed the presence of additional viruses. 18 5 (28) a No virus other than the specified virus was detected in plasma or nasopharyngeal samples. b Includes bocavirus (n = 3), rhinovirus (n = 2), metapneumovirus (n = 2), unclassified picornavirus (n = 1), CMV (n = 1), and KI virus (n = 1). c If this analysis is limited to children who were tested for all viruses, 2 (25%) of 8 children who had no virus detected received antibiotics.
More than half of children in this study with evidence of viral infection and no evidence for bacterial infection received antibiotics. It is our hope that better awareness of viral infection could lead to a significant decrease in antibiotic utilization in children with fever without a source. Previously the use of rapid tests for influenza has been associated with decreased antibiotic use, 32 and development of rapid tests for the agents implicated in this study might have a similar effect. New technology allows PCR test results to be available with a turnaround time of ∼1 hour. 33 However, it is also important to be aware that patients may have serious bacterial infection concurrent with viral infection. For this reason, the decision to withhold antibiotics based on presence of a virus, even one recognized as a pathogen, must be made carefully, with consideration of all clinical findings to avoid withholding antibiotics from a patient with serious bacterial infection. A biomarker that accurately identifies patients with active bacterial infection would be an important adjunct to viral diagnostic testing and development of such a biomarker should be a priority for future research.
CONCLUSIONS
Known pathogenic viruses were detected much more frequently in children with fever without an apparent source, compared with children with fever and definite or probable bacterial infection or afebrile children, suggesting a causal relationship. The finding that 4 viruses were predominant is an important consideration for the design of future diagnostic tests. Testing of blood is required to maximize yield in children with fever without an apparent source. Additional study is required to determine whether specific viral diagnosis would be useful in clinical management. These studies should be pursued, because better recognition of viral etiologies may help avoid unnecessary use of antibiotics.
